Histoplasma capsulatum is a dimorphic fungus which exists in its mycelial form in soil. Pulmonary infection of mammals occurs when the microconidia are inhaled and carried to the alveoli. The higher ambient temperature of the host's body induces the inhaled fungus to assume a yeast form. The organisms are phagocytized by the monocyte-macrophage system and, in most cases of infection, recovery occurs uneventfully over a few weeks' time. 6 Clinical disease due to infection with H. capsulatum has been reported in dogs, cats, horses, cattle, and a variety of nondomestic animals. 1, 9, 10 In both humans and animals, histoplasmosis can occur in a chronic progressive form and a disseminated form. 6, 10 In this communication we report a case of pulmonary histoplasmosis in a llama.
A female llama, approximately 5 years old, was presented to the Purdue University Veterinary Teaching Hospital for depression and anorexia. The llama was one of a group imported from Bolivia 7 months prior to presentation. The llamas were held in quarantine for 2 months upon arrival in Received for publication September 6, 1994. the United States; all other llamas in the group were apparently normal. Physical examination revealed that the llama was moderately depressed and emaciated. Lung sounds could not be auscultated over any field, and forestomach motility was absent. As part of the medical workup a transtracheal aspirate (TTA) and a bronchoalveolar lavage (BAL) were performed. Both fluids were evaluated cytologically; a portion of the BAL fluid was also centrifuged and the pellet was fixed in glutaraldehyde and submitted for transmission electron microscopy. Cytologic evaluation of fluids from both procedures revealed moderate numbers of mature neutrophils and fewer macrophages. Macrophages were in various stages of activation, and the cytoplasm of occasional macrophages contained moderate numbers of 2-4-µm, mildly pleomorphic, round to oval, pale basophilic structures ( Fig. 1 ). In many cases these structures had a fine delineating membrane and in other cases there was a thick unstained peripheral zone resembling a prominent cell wall. Specific identification was not possible; a differential including toxoplasmosis, neosporiasis, leishmaniasis, trypanosomiasis, and histoplasmosis was considered. The presence of prominent cell walls make Toxoplasma, Neospora, Leishmania, and the amastigote stage of Trypanosoma cruzi less likely. Additionally, more plump ovoid forms were recognized than would generally be seen in toxoplasmosis. There were also no detectable kinetoplasts which are characteristic of Leishmania. However, the degree of cellular pleomorphism and the very thick cell wall present on many of these organisms was not typical of Histoplasma. In light of the animal's recent importation from Bolivia, a broad differential was maintained. The owners were informed of the grave prognosis associated with a diagnosis of diffuse fungal or parasitic pneumonia, and they elected to take the llama home. Three days later she died and was brought to the Animal Disease Diagnostic Laboratory, Purdue University, West Lafayette, Indiana, for necropsy.
Grossly, the llama was in thin body condition and had marked subcutaneous ventral abdominal edema. One liter of clear yellow fluid was present in the pleural cavity. Numerous 3-6-mm firm white foci were present throughout the pulmonary parenchyma. Many of these foci were cystic, fluid-filled, and contained 1-2-mm free-floating white friable masses. The liver also contained low numbers of hard white foci approximately 3 mm in diameter. Skeletal muscles throughout the body contained multiple white foci 3-6 mm in diameter. No other significant gross abnormalities were apparent. Histologically there were numerous 2-5-mm cystic granulomas scattered throughout the pulmonary parenchyma. The centers of these granulomas were clear except for discrete eosinophilic masses of caseous necrotic debris containing occasional degenerating neutrophils and large granular macrophages. The walls of the granulomas were composed of closely packed large foamy macrophages containing numerous intracytoplasmic yeast organisms. Organisms were also present extracellularly in the necrotic debris. The organisms were oval-shaped and 3-5 µm in diameter. They had a 2-µm basophilic central body surrounded by a 1-2-µm thick clear cell wall that failed to stain with hematoxylin and eosin and stained pink with PAS and black with Gomori's methenamine silver (GMS) stain (Fig. 2) . The organisms did not stain with Giemsa stain. Several organisms exhibited narrow-based budding. The morphology, location, and staining affinity of the organisms was most consistent with Histoplasma capsulatum. 4, 7 In the liver there were rare 3-mm granulomas composed of thick fibrous capsules surrounding central cores of amorphous eosinophilic necrotic debris that were multifocally mineralized. Within the red pulp of the spleen there were rare isolated macrophages which contained intracellular yeast organisms similar to those found in the lung. Numerous sarcocysts of 2 separate species were present in several sections of skeletal muscle and ventricular myocardium along with scatter foci of fibrosis. These sarcocysts were similar in size and morphology to Sarcocystis aucheniae and Sarcocystis spp., which have been described in llamas. 3 Transmission electron microscopy of sedimented BAL flu-id revealed macrophages containing numerous intracytoplasmic, oval organisms 1.3-1.9 x 1.640 µm in size. A well-developed nucleus, mitochondria, and distinct capsule were present (Fig. 3 ). An apical complex was not present, ruling out apicomplexans such as Toxoplasma and Neospora. A kinetoplast and flagellum were also not present, ruling out kinetoplastids such as Leishmania and Trypanozoma cruzi.
Based on their size, shape, capsule, and absence of the structures characteristic of protozoan parasites, the organisms were identified as yeasts. Their size and structure were most suggestive of Histoplasma capsulatum or a related fungus.
oratories, Ames, Iowa, where histopathologic and ultrastructural characteristics of the organisms were also determined Tissues were sent to the National Veterinary Services Lab-of the disease. However, the necropsy findings were not characteristic of the classical form of disseminated histoplasmosis wherein the liver and spleen are swollen and discolored due to massive infiltration of infected mononuclear cells. 7.10 Because the granulomas in the liver were mineralized and fibrotic and organisms were not present within them, they were interpreted to be chronic and not associated with the active pulmonary infection. This is most likely a case of primary pulmonary histoplasmosis with occasional escape of infected macrophages into the circulation. Acknowledgements. The efforts of Ms. D. Van Horn and the input of Dr. G. Weybright were greatly appreciated.
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to be most characteristic of H. capsulatum. Culture of the organism was attempted on Sabourud dextrose agar and potato dextrose agar, but H. capsulatum was not isolated. Candida glabrata was isolated and identified with an API 20C test strip; however, this organism was regarded to be a contaminant. Candida glabrata can be confused histologically with H. capsulatum, but the visible capsules on the organisms were not typical of C. glabrata. 5 Because the organism failed to grow in culture, tissue sections and serum from the llama were sent for testing to the Centers for Disease Control in Atlanta, Georgia. Immunodiffusion tests of the serum indicated it to contain the H and the M precipitins of H. capsulatum. Both of these precipitins are specific indicators of Histoplasma capsulatum infection, and presence of the H precipitin is particularly indicative of active infection. 8 Fluorescent antibody testing of tissues was positive for H. capsulatum and negative for Candida glabrata.
To our knowledge this is the first reported case of histoplasmosis in a llama. Llamas were not included in a recent study documenting the incidence of histoplasmosis based on skin reactivity to histoplasmin in captive wild animals in Sao Paulo, Brazil. 2 The presence of isolated yeast-laden macrophages in the splenic pulp suggested terminal dissemination
